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1. Introduction
JFE High-Temperature Gasifying and Direct Melting Furnace System was developed by
integrating our original technologies for the ironmaking blast furnace and fluidized bed
for incineration plants, which the company cultivated over many years. The company’s
advanced technologies in these two different fields were combined and integrated into
the unique Gasifying and Melting System. This system is a proven technology that
realizes high performance, as outlined next page.
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a) Environmentally-safe treatment of various kinds of wastes is possible, including
refuse derived fuel (RDF), sewage sludge, industrial wastes (IW), incineration
residues, excavated wastes and/or asbestos, in addition to municipal solid waste
(MSW).
b) Non-combustibles in wastes are converted to nontoxic vitrified slag that can be
recycled as a useful material.
c) Combustibles in wastes are converted into synthesis gas.
d) Highly efficient power generation, ηel = 30 percent, is realized.
e) Emission of dioxins from the plant is minimized.
We have delivered 10 plants (20 lines) in total to Japanese clients since 2003. The plants
have been operated without any major troubles. The plant construction record of Gasifying and Melting System is shown in Table 1.
Table 1:
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Name

Construction record of gasifying and melting system
Capacity

Input Waste

Completion

Plant 1

2.7 t/h, 3 Lines (192 t/d)

MSW

Mar. 2003

Plant 2

2.5 t/h, 2 Lines (120 t/d)

MSW

Mar. 2003

Plant 3

0.8 t/h, 2 Lines (38 t/d)

MSW

Feb. 2003

Plant 4

3.3 t/h, 2 Lines (160 t/d)

MSW, Excavated Waste

Mar. 2003

Plant 5

2.3 t/h, 2 Lines (110 t/d)

MSW, Excavated Waste, Sludge

Mar. 2003

Plant 6

13.1 t/h, 1Line (314 t/d)

RDF from MSW

Mar. 2004

Plant 7

3.1 t/h, 2 Lines (145 t/d)

MSW, IW, Incineration residues

Mar. 2006

Plant 8

1.7 t/h, 2 Lines (80 t/d)

MSW, Excavated Waste

Mar. 2006

Plant 9

2.0 t/h, 2 Lines (98 t/d)

MSW

Nov. 2006

Plant 10

5.2 t/h, 2 Lines (250 t/d)

MSW

Mar. 2008

2. Features of gasifying and melting system
Figure 1 describes the structure of Gasifying and Melting Furnace.
Comparing to the other gasification technologies, our system is one of the most compact ones. It is because Gasifying and Melting Furnace combines both gasification
and melting functions in a single furnace. Combustibles in wastes will be gasified by
the high temperature of the furnace. Non-combustibles in wastes will be melted and
turned into slag and metals for reuse.
Wastes are fed into the furnace with coke (approximately 5 percent of wastes) and
limestone (approximately 3 percent of wastes) from top of the furnace. Coke plays a
role as fire grates that keeps flow path for gas and slag. Also it works as the heat source
and prevents cool-down of slag.
Limestone is to be put into the furnace to control viscosity of slag that can be easily
discharged from the furnace bottom.
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High-Temperature Gasifying and Direct Melting System

Since inside of the furnace is kept in reduction atmosphere, hazardous heavy metals
are vaporized to the gaseous phase and ash content is converted to molten slag. The
molten slag discharged from furnace bottom is quenched in a water-granulation
conveyor to form granulated safe slag and metals.
Gasifying and Melting furnace can be divided into the three zones as follows:
Zone 1 : For high temperature combustion and melting,
Zone 2 : For drying, pyrolysis and gasifying,
Zone 3 : For gas treatment in high temperature reducing atmosphere.
Zone 1 is filled with coke, and the coke and fixed carbon in wastes are burned with
oxygen-rich air (O2: approximately 35 percent) sent through the main tuyere at
the lower part of the furnace. Air is introduced into the furnace through the main,
secondary and third tuyeres located along the furnace wall.

In Zone 2, the gas produced at the lower part is partially burned and kept approximately 700 deg. C with air sent through the secondary tuyere while maintaining a
fluidized state of wastes, coke and limestone. By this heat, wastes are preheated and
thermally decomposed.
In Zone 3, part of produced gas is burned in a high temperature reducing atmosphere
above 850 deg. C by air sent through the third tuyere. Residence time of two seconds
or longer enhances pyrolysis of tar and restrains dioxins generation. This process
improves the quality of produced gas.
The synthesis gas discharged from the furnace is introduced into the secondary combustion chamber before the boiler. Then, the synthesis gas is combusted completely
in this chamber.
Combustion air is supplied with an air blower located near the waste pit. To minimize
odor spread outside the plant, the air in the waste pit is used as combustion air. Automatic Combustion Control (ACC) regulates the combustion airflow rate automatically.
Flue-gas recirculation fan recirculates partial flue-gas (low oxygen content) to the
combustion chamber to keep the temperature of combustion chamber stable and
ensure high efficiency of combustion.
Steam from the boiler is fed into the steam header via super heaters. All the steam
is supplied to steam turbines and steam extractions from turbines are carried out to
improve the power generation efficiency.
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Oxygen-rich air for the main tuyere is supplied with a blower at the specific flow
rate after the premixing of air collected from the nearby furnace area and the oxygen
produced with the oxygen generator. The zone temperature is close to 2,000 deg. C.
At this high temperature, non-combustibles in waste are melted, and then discharged
through a slag outlet at the furnace bottom while keeping a molten state 1,600 deg.
C. Generated CO2 is reduced to CO by a Solution Loss Reaction, and CO flows into
the upper Zone 2.
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Moreover, the working load for the operator to discharge slag and metals is decreased
by adoption of our original molten slag continuous discharging system.
Waste

Coke and Limestone
(Submaterials)

Zone 3
Freeboard
(Gas reforming zone)
Third Tuyere
Zone 2
Gasifying Layer
(Drying and
Pyrolysis zone)
Zone 1
Coke Layer
(High temperature
melting zone)
Molten Slag Basin

Secondary Tuyere

Main Tuyere
Slag and Metal

Figure 1:
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Structure of Gasifying and Melting System furnace

3. Operation results of plant A
3.1. Outline of plant A
Plant A in Japan was completed in March 2004. It was equipped with the largest gasification and melting furnace in the world in that time. Plant A is the same as Plant 6
described in Table 1. The plant receives pelletized RDF from the seven RDF production
plants in nine cities and villages.
In Japan, MSW is, in principle, treated in each city, town, or village. Each municipal
government has to invest to a WtE plant individually, or a couple of neighboring municipal governments jointly build a plant in case volume of MSW from one municipality
is insufficient.
The plant is quite unique because of the reason that the nine cities and villages located and scattered in different areas produce palletized RDF in their seven plants, and
the RDF is efficiently transported to the plant for power generation. This broad area
treatment concept for efficient power generation was realized under the initiative by
local prefecture.
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The operation results of the plant for 11 years are reported as follows. Process flow,
Outline and gas emission are shown in Figure 2, Table 2 and Table 3 respectively.
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Table 2:

Table 3:

Outline of plant A

Capacity

13.1 t/h (314 t/day), 1 Line

Feedstock

Pelletized RDF from MSW

Results of emission analysis (dry gas
at 11 % O2)
Unit

Emission Limit

Energy recovery
system

Boiler 90.8 t/h, 450 °C / 60 bar,
Steam turbine generator 20 MW

Dust
SOx

mg/m N

< 63.44

Flue-gas
treatment

Dry type: Slaked lime and
activated carbon injection,
Bag filter, DeNOx reactor

NOx

mg/m3N

< 114.0

CO

mg/m3N

< 41.63

DXNs

ng-TEQ/m3N

Slag treatment

Water-granulation conveyor,
Magnetic separator, Slag crusher

mg/m3N

< 11.1

3

< 0.06

3.2. Outline of the input waste
The appearance and average properties of the RDF treated in the plant are shown in
Figure 3 and Table 4, respectively. Although some fluctuations were observed, the RDF
properties are substantially the same as the designed values.
Table 4:

Properties of pelletized RDF

Pyrolysis/Gasification

Unit Designed
		RDF

Actual
RDF

Lower Calorific 			
kJ/kg
18200
Value

16,160 to
19,720

Water

wt %

8.0

2.2 to 5.8

Combustible
fraction

wt %

81.4

78.7 to 86.5

Ashes

wt %

10.6

9.9 to 15.5

Figure 3:

Pelletized RDF

3.3. State of plant operation
3.3.1. Material balance
The plant has been operated without any major trouble for over 11 years. Table 5 shows
the material balance of the treated RDF, discharged slag and metals in a year, as well as
their ratio against the annual RDF throughput. A total of 7,012 tons of slag, which corresponds to 9.9 percent of the treated RDF, was recovered for use as backfilling material
for road construction, and all the metals produced, about 400 kg, were also recycled.
Table 5:

Material balance of RDF, slag and
metal
Weight

Ratio

Table 6:

Electricity power balance
Electric Power
MWh/y

t/y

wt%

Generated

104,245

70,753

100

Consumed

20,407

Slag

7012

9.9

Sold

86,387

Metal

439

0.6

Purchased

2,549

RDF Throughput
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3.3.2. Electricity balance and high electrical efficiency
Table 6 shows the electricity balance of the plant. This plant is designed to input high
calorie RDF (18MJ/kg) into the furnace and operate at steam parameters of 60 bar /
450 °C, resulting in electrical efficiency close to 31 percent. This value represents the
certified electrical efficiency by a third party authority during an official performance
test. Electrical efficiency (ηel) is calculated as below:
ηel = P • 3,600 • 100/((W • LHV, w) + (C • LHV, c)) • 1,000 (kg/t) = 30.5 (%)
P:
Power generated
475.8 (MWh)
W:
Waste input (RDF)
317.2 (ton)
LHV, w: Lower calorific value of RDF
16.3 (MJ/kg)
C:
Coke input
15.5 (ton)
LHV, c: Lower calorific value of coke
29.3 (MJ/kg)
Rises in the temperature and pressure of the superheater tubes may cause severe corrosion. However, the plant has now been in operation with no serious damage or replacement of the superheater tubes for over 11 years. Flue gas is recirculated to increase
overall plant efficiency and to keep the temperature of the combustion chamber stable
through achievement of increased combustion efficiency.

(a) Flue gas emission
In Japan, pollutants in the flue gas emitted from WtE plants are strictly regulated. The
emission limit for each pollutant is specified by the Air Pollution Control Law. The
plant voluntarily defined more stringent emission limits to assure smaller impact on
the environment. Emission of pollutants can be properly controlled by appropriate gas
cleaning processes according to user’s requirements (Table 3).
(b) Slag
The environmental compatibility of slag discharged from WtE plants in Japan is evaluated according to the environmental quality standards for soil specified in Notification
Table 7:
Leaching properties of slag accor- No. 46 (grain size <0.2 mm, liquid to solid
ratio: 0.1, shaking time: 6 hours, Ministry
ding to regulation in Japan
of the Environment in Japan). The reguLeaching Amount mg/l
lation limits and results of the leaching
Regulation
Measured
test of the slag are shown in Table 7. All
Cd
< 0.01
< 0.001
the measured amounts are lower than the
Pb
< 0.01
< 0.005
regulation limits, proving that the slag has
Cr6+
< 0.05
< 0.02
adequate stability to be reused. All the
As
< 0.01
< 0.005
slag produced from the plant is reused as
T-Hg
< 0.0005
< 0.0005
backfilling material for road construction.
Se

< 0.01

< 0.002

F

< 0.8

< 0.08

B

< 1.0

< 0.01
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3.3.3. Environmental compatibility

Masato Katafuchi, Takuya Shinagawa, Masao Abuku, Shinnosuke Nagayama

4. Operation results of plant B
4.1. Outline of plant B
We completed plant B in Japan in March 2006. Plant B is the same as Plant 7
described in Table 1.The plant receives any type of wastes, such as sludge, oil
waste, plastic waste and industrial waste subject to special control, which
is difficult to treat for the WtE plants based on other technologies, such as incineration.
Therefore, the plant is quite unique because the plant receives in the waste pit any
type of wastes in addition to mixed MSW. This broad waste treatment concept for
efficient power generation was realized under the initiative by local prefecture.
The plant is premised to co-exist with the community, so the target value of gas
emission is adequately lowered in comparison to Japanese regulations.
In particular, the plant receives Industrial waste subject to special control which is
obligatory hermetically-sealed due to Japanese regulation.

The operation results of the plant for 9 years are reported as follows. Process flow
and outline are shown in Figure 4, Table 8 and Table 9 respectively.

Waste Crane

Pretreatment
Metal Recovery
inside
the Room
Secondary Tuyere Fan
Main Tuyere Fan
Oxygen Generator

Figure 4:
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We designed and erected the exclusive refrigeration storage, which is separated from
waste pit. Industrial waste subject to special control is automatically transferred and
directly dropped into the furnace.
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Table 8:

Outline of Plant B

Capacity

3.1 t/h (145 t/day), 2 Lines

Feedstock

MSW, IW, Incineration residues

Table 9:

Results of emission analysis (dry gas
at 11 % O2)
Unit

Emission Limit

Energy recovery
system

Boiler 21.1 t/h, 370°C / 38 bar,
Steam turbine generator 7.2 MW

Dust

mg/m N

< 11.1

SOx

mg/m3N

< 317.5

Flue-gas
treatment

Dry type: Slaked lime and activated
carbon injection, Bag filter

NOx

mg/m3N

< 228.2

Slag treatment

Water-granulation conveyor,
Magnetic separator, Slag crusher

CO

mg/m3N

< 41.7

DXNs

ng-TEQ/m3N

< 0.11

3

4.2. Outline of the input waste
Table 10 shows all types of wastes received until now and its receiving area. The plant
receives Industrial waste such as plastic waste, sludge, oil waste etc. Furthermore, the
plant receives Industrial waste subject to special control such as vitrificated asbestos
waste and infectious waste which are kept in the refrigeration storage.
LHV of wastes is 8 to 9 MJ/kg on average. It is calculated from actual operational values
such as the amount of steam from the boiler, exhaust gases and others.
Type of wastes
Input waste

Receiving Area

Municipal solid waste 		

Waste pit

Industrial waste

Plastic waste

Waste pit

Sludge

Direct injection or Waste pit

Oil waste

Direct injection or Waste pit

Paper waste, metal waste etc.

Waste pit

Industrial waste subject to special control (asbestos waste, infectious waste etc.)

Pyrolysis/Gasification

Table 10:

Refrigeration storage

4.3. State of plant operation
4.3.1. Waste receiving record of the plant
Table 11 shows waste receiving record of the plant over recent years.
Especially, in 2011 the plant received about 51 percent of plastic waste throughout the
year. Through the use of the plastic waste which is high calorific, the plant realized not
only stable operation without any trouble, but also highly efficient power generation
over this time.
In 2012 the plant received approximately 4.8 percent of sludge waste throughout the
year, and it operated without any trouble over this time.
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The plant also treats asbestos waste. Asbestos waste is a part of Industrial waste
subject to special control as described in Table 11. The asbestos waste, which is, by
Japanese regulations, obligatory hermetically-sealed into the plastic containers, is
dropped directly into the furnace.
The plant treated approximately 0.2 percent asbestos waste on average of recent
years. In addition, special operational test for asbestos waste treatment was carried
on Gasifying and Melting furnace. It treated up to 5.4 percent of asbestos waste
(163.6 kg/h, 1Line) at that time. It was proved that asbestos waste was completely
treated and not detected in exhaust gas, fly ash, and slag.
The plant also treats oil waste. Oil waste is stored in the oil tank. It is injected directly into the furnace. However, if its amount is small, it is injected into the waste
pit and mixed with other waste.
Furthermore, the plant has experiences of treating chickens and eggs infected
with avian influenza. In this case the waste is treated as Industrial waste subject
to special control which is automatically transferred from the receiving area, and
directly dropped into the furnace.
Table 11:

Waste receiving record of the plant

Year 		

Pyrolysis/Gasification

Unit 		

2011
ton/y (%)

2012
ton/y (%)

2013
ton/y (%)

2014
ton/y (%)

Municipal solid waste 		

15,633 (42.9)

17,640 (55.1)

16,967 (47.4)

14,408 (40.1)

Industrial waste

Plastic waste

18,647 (51.2)

11,508 (36.0)

14,440 (40.4)

18,243 (50.8)

Sludge

595 (1.6)

1,542 (4.8)

555 (1.6)

516 (1.4)

Oil waste

115 (0.3)

85 (0.3)

90 (0.2)

88 (0.2)

Paper waste etc.

928 (2.5)

844 (2.6)

3,343 (9.3)

2,354 (6.6)

532 (1.5)

374 (1.2)

388 (1.1)

312 (0.9)

Industrial waste subject to special control
Total 		

36,450 (100.0) 31,993 (100.0) 35,783 (100.0) 35,921 (100.0)

4.3.2. Environmental compatibility
Since the plant was commercially started in March 2006, the plant has been operated without any major trouble for over 9 years. Pollutants in the flue gas emitted
from the plant are strictly regulated and the emission limit for each pollutant is
specified by individual rule. In such way, the plant’s smaller impact on the environment is assured.
According to the leaching test of the slag, which is discharged from the plant, all
the measured amounts are lower than the regulation limits, proving that the slag
has adequate stability to be reused. All the slag produced from the plant is reused
as cover material for landfill on site. In addition, the metal separated from the slag
is sold out as valuable material.
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5. Discussions on differences and adaptabilities in objectives
for WtE plants between Europe and Japan
5.1. Plant availability
In Europe, mainly private companies own and operate WtE plants under the sponsorship of local municipal governments. They give top priority to power and heat
generation through the plant operation, and aim to earn as much income as possible.
Therefore higher availability of plants is most important for their purpose.
In Japan, on the other hand, local municipal governments in principle own and operate
WtE plants. This is because they are obliged to treat wastes in their own territories
under the Japanese laws. They give top priority to waste treatment, not power generation. During their plant operation, they try to avoid any overload to their plants,
schedule enough maintenance and repair considering over 30 years plant operation.

From a technical point of view, it is possible to increase the availability to 8,000 working hours or more per year even in Japan. However, no operational data in Japan
show more than 8,000 working hours per year due to the reason mentioned above.
In future, however, they may change their policy and make efforts to achieve higher
availability in Japan referring to the high availability in Europe and income from
power generation.

5.2. Utilization of bottom ash
In Europe, bottom ash, the residue from Grate Stoker firing WtE plants, is traditionally utilized as construction or landfill material. In Japan, on the other hand,
there are governmental guidelines in place, indicating, that the bottom ash from
WtE plants, in principle, should be melted for recycle. It is because hazardous heavy
metals contained in the ash may be dissoluble in water. Therefore, the guideline
was set up to melt the ash for environmental safety and to utilize it as valuable
by-product as a slag.
Actually, the slag discharging from our furnace is high quality material also in the
perspective of the European legislation. Table 12 shows the result of the leaching
test of slag (according to DIN EN 12457-4) in comparison with the European
limits. All the measured amounts are lower than the limits, proving that the slag
has adequate stability to be reused.
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As a result, in Japan the working days of plants are in general from 250 to 280 days
per year, and the plant operation is standing for the remaining three months or so
for maintenance. In Europe, on the other hand, the plant availability for more than
8,000 hours (333 days) per year is required.
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Table 12:

European limits for landfill and utilization for results of EN 12457-4 (L : S 10 l/kg)
(mg/kg dry substance if not declared else)

		
European limits 				
category

Inert Non-hazarslag
Waste dous waste			

category

European limits

Inert
Waste

Non-hazardous waste

slag

0.1

0.5

< 0.05

4

50

0.23
<3

Arsenic

0.5

2

< 0.1

Selenium

Barium

20

100

0.06

Zinc

Cadmium

0.04

1

< 0.01

Chloride

800

15000

Chromium total

0.5

10

< 0.1

Fluoride

10

150

<2

Copper

2

50

0.56

Sulfate

1000

20000

< 10

Mercury

0.01

0.2

5001)

< 0.1

Molybdenum

0.5

10

< 0.1

Cyanide easily purgeable

0.11)

51)

< 0.05

Nickel

0.4

10

< 0.1

DOC

500

800

< 10

Lead

0.5

10

< 0.1

pH

5.5-131) )

5.5-131)

9.19

Antimony

0.06

0.7

< 0.05

Total dissolved matter (%)

0.4

6

< 0.1

1)

< 0.0005 Phenol-Index 1

Regulated in German not in the European legislation

6. Conclusion
Pyrolysis/Gasification

The Gasifying and Melting System indicates special features, listed as follows:
• Reliability: Since 2003, theour plants have been in operation in Japan. This is a
proven technology, and all plants are in stable operation without any major trouble.
• Flexibility: TheOur plants can treat any type of wastes, which are difficult to treat
for the WtE plants based on other technologies, such as incinerationdifficult to be
treated by grate stoker firing incineration.
• Efficiency: Highly efficient power generation, ηel = 31 percent, is realized. At the
Fukuyama Plant A, high calorifice RDF (18 MJ/kg) is treated, and its heat energy
is recovered at steam parameters of 60 bar, 450 °C, resulting in electrical efficiency
close to 31 percent.
• Minimum environmental impact: Material recovery of wastes to valuable slag and
metals is realized.
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